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ABSTRACT 

The U^S#Nav7 Navigation Satellite ^’stCTJ termed as NNSS 
offers a unique worldwide facility for the precise Time 
Synchronisation. To take the advantage of such a facility 
for tracking Indian Satellitesy Space Applications Centre 
(SAC) has developed a simple Timing Receiver. Using this 
Timing Receiver first the internal time consistency of 
NNSS was studied and then its performance to synchronise 
time was compared with that of National Time Standard. This 
paper describes in detail the methodology of data analysis, 
results and the various sources of error which affects the 
time transfer accuracy. The main source of error was found 
to be the receiver delay which varies with signal strength. 
It is possible to apply this delay correction empirically 
provided signal strength is recorded. 
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INTRODUCTION 


The Navy Navigation Satellite System (NNSS) is a fully oper- 
ational navigation syston that enables the Navy Fleet or 
commercial users to accurately obtain their position any 
where on the Globe, day or night and in any weather. The 
NNSS commonly known as TRMSIT, consists of a constellation 
of five operational satellites in fixed circular polar 
orbits at an altitude of approximately 1100 km. The TRANSIT 
system requires accurate time to accomplish its navigation- 
al mission. For this reason the satellites transmit a pre- 
cisely timed fiducial time mark (PTM) every two minutes. 

The transmission of FTM has provided a unique world wide 
facility for time Synchronisation, in fact Trasit satel- 
lites are like unattended flying clocks and user can tap 
precise time as and when the satellites come on the horizon 
with a proper type of receiver# This unique facility has 
become a bonanza to users of precise time even in remote 
areas. Maintanance of precise time is as difficult as keep- 
ing an Olympic Flame. In case of failure it would be nec- 
essary in either situation to go back to the source. But 
the TRANSIT has solved this problem and 5 operational satel- 
lites provide excellent service reliability. 


To take advantage of NNSS facility for maintaining time at 
ISRO Telemetry & Tracking Command Network (ISTRAC) Space 
Applications Centre (SAC), Ahmed84)ad under took the fabri- 
cation of a simple Timing Receiver. This receiver after 
getting locked to ^00 MHz satellite carrier detects FTM 
and sets the IPPS of the local clock. The path delay cor- 
rection to IPPS is applied using broadcast ephemeries and 
ground station coordinates manually. 
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TIME TRANSFER METHODOIDGY - SATELLITE FRAME TO GROUND 


FRAME 


The time mark In the satellite signals are referenced to 
UTC (Ifaiversal Coordinated Time maintained by U#S# Naval 
Observatory). The time mark consists of a "Zero", 23 
"ones” and a "Zero”, followed by a 400 Hz beep signal and 
is shown in fig. 1. The exact point of transition between 
the final binary zero and the beginning of 400 Hz beep is 
the exact two minute mark. This time mark is known as 
"Fiducial Time Mark (PTM), In every two minute, synchronis- 
ed with FTM, the satellites also transmit 26 orbital 
words. The first 8 words are known as variable parameters 
and the rest are known as fixed parameters. The fixed 
parameters describe the satellites nominal orbit where 
as the variable parameters describe the fine structure 
in the satellite nominal orbit as a function of time. 

The accuracy of the satellites position derived from these 
parameters (known as Broadcast Eph^ieris) are 25 m in-trac^ 
15 m cross- track and 10 m in radial direction. 


The NNSS Timing Receiver detects the FU4 and synchronises 
1 PPS of its internal clock. The correction to this 1PPS 
is given bys 


Correction 
Where Do 

R 

C 


Do + R/C 

Mean receiver delay at a given signal 
strength. 

Slant r£ffige of the satellite frcan 
receiver antenna in km. 

Velocity of electromagnetic waves in km. 
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The satellite transmits the five orbital parameters viz. 
semi -major axis eccmtricit7 (e), inclination (i), 

argument of perigee (0>tp) and right ascension of the ascend- 
ing node precession rate of o) and A. (oj &A), 

the mean motion (n) and Greenwich sidereal time (GASTtp) at 
a certain time tp along with A a, and where A a and 

Ae are the corrections to be applied to the semi -major 
axis and the eccentric anomaly and is the out of plane 
component. 

The satellite coordinates at any Instant t with respect to 
the orbital coordinate system are 
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= a^. + Aa. 
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ss Eccentric anomaly at time t 
- + e Sin 

= Mean anomaly at time t 
=s n (t - tp) 

The transformation of the satellite coordinates from the 
orbital plane system to the equatorial coordinate syst^ is 
accomplished by three rotations viz 

(i) the rotation in the x-y plane by (-U)^) 

(ii) the rotation in the y-z plane by (-i ) 

(iil) the rotation in the x-y plane by (- A^) 

where 

= argument of perigee at time t 
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aright aseension of ascending node at time t 

a XI. + Xl(t-t ) 
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The rectangular geocentric coordinates are, therefore, 
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In order to obtain the coordinates in the earth fixed sys- 
tem, a sidereal rotation by an angle equal to the Greenwich 
sidereal time at the instant is applied, 


i.e. A. a GAST. a GAST. + co« <t-t^) 

w V 6 P 


a rotation rate of the earth 


Thus 



Cos X ^ 

Sin X ^ 

0 


2t 


’fs 


-Sin A j. 

Co s A ^ 

0 




2s 


0 

0 

1 


2t 


The coordinates of the station are expressed in terms of 
the geodetic latitude^kand longitudeA^They can be trans- 
formed into cartesian coordinates by the formulae, 

a ( V+N+h) Cos Cos A 
a (V +N+h) Cos Sin A 
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(1-e^ 


Eg ss equatorial radius of the earth 

e ss eccentricity of the earth 
N+h s: height of the station above the reference 
ellipsoid* 

Knowing the station position and the satellite position at 
any time t, we can calculate the slant range as follows* 

« = 

Using above relation slant range is determined * The mean 
receiver delay is added with the propagation delay and clock 
correction factor is obtained in microsecond. The clock 
is advanced by this clock correction factor. 

EXPERIMENTAL SET UP 

The Timing Receiver developed at Space Applications Centre 
is a single channel phase locked receiver operating at 400 
MHz. The orbital data is stored in receiver memory and 
read manually for computing propagation delay. The receiv- 
er design was kept extremely simple in order to develop a 
concept for time transfer. 

The experimental set up used to study the internal consis- 
tency of NNSS as well as the capability of receiver to trans- 
fer time with respect to National Standard is shown in 
fig. 2. In the first case for studying the internal time 
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satellites was found to be around +75 micro second (1 
sigma level) and is shown in fig. 3A. This one sigma 
dr*) level value may improve after applying the receiv- 
er delay correction for each data point (Delay vari- 
ation with signal strength). 

(ii) For studying the performance of Timing Beceiver to 

transfer time with respect to National Standard main- 
tained at National Physical laboratory, New Delhi, 
data were taken from 9th to 12th Pebruary 1981 • The 
one sigma value for time transfer accuracy was found 
to be about +70 microsecond and is shown in Fig. 3B., 

(iii) The internal consistency of NNSS is found to be as 

good as %he time transfer accuracy of Timing Receiver 
with respect to National Standard. 

SOURCES OF ERRORS. 

The accuracy to which time can be transferred from the sat- 
ellite clock to the user’s clock using an NNSS Timing Receiv- 
er depends on many factors. The following sources of 
error limit the overall accuracy of the system. 

(i) Time jitter in FBI detection 
(il) Offset in FTM tranaaitted by satellite 
(iii) Receiver delay variation with signal strength. 

(iv) Ionospheric & Tropospheric delay 

The error due to factor No. II is not under user’s control. 
The transit satellite report series 17 published by U#S.» 

Navy Astronautics Croup, Point Mugu, G.A# gives the offset 
of each satellite clock with respect to UTC, can be ob- 
tained on request and one can apply the correction. The 
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consistency the Cesium Beam Atomic clock was synchronised 
using MSS Timing Receiver* For this purpose a good satel- 
lite pass was selected and at the time of closest approach 
the FTM was detected and used to set 1PPS of receiver clock. 
Using the satellite orbital data the delsor was computed and 
then the 1PPS of Cesium Beam Clock was synchronised. In 
the actual set up the 1 PPS of the Cesium Beam Clock was 
given to the start input of the Time Interval Counter and 
1PPS from Timing Receiver was given to the stop input. For 
each satellite pass two sets of data were recorded near 
the closest approach. The corresponding time interval be- 
tween IPPS of cesium beam clock and 1PPS of Timing Receiver 
were noted down. 

Just before starting the experiment the Timing Receiver 
clock was set to the nearest second of UTC. With the help 
of a satellite alert programme the rise time, the time of 
closest approach and time of setting for all the 5 satel- 
lites were predicted. 

RESULTS . 

(i) For studying the internal consistency of MSS, the 
receiver was operated from 21st to 27th January 
1981. Satellite passes occured during office hours 
were used for time transfer purpose. low elevation 
passes (elevation less than 30 °) were rejected manu- 
ally and the data points for which the time differ- 
ence between IPPS of Cesixam Beam clock and IPPS of 
MSS timing receiver after applying propagation 
delay correction, was more than 100 microsecond were 
rejected. The RMS for rest of the data points was 
computed. The internal consistency of all the 5 
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propagation delay error contributed by ionosphere and tro- 
posphere at ^00 MHz is less than a microsecond and is negli- 
gible. The major error is contributed by the receiver 
delay which varies with signal strength as shown in Fig* 

The correction can be applied using the relation given by 

d = + ms + Do 

where d = Delay in microsecond 
s = Signal strength 
Do = Receiver mean delay at a give 
signal strength 
m = Slope of delay curve 

APPLICATIONS. 

Time is one of the basic standards in science and its mea- 
surement related with the happening of an event (epoch) in 
the infinite flow of time is one of the most important prob- 
lems of users. For all the experiments where time accu- 
racy (epoch) requirement is of the order of 100 microsecond 
or better the TRANSIT system provides a unique facility* 
Tracking of satellites using Laser Ranging is one of the 
fields where this finds application. The optical satel- 
lite tracking stations (at least in India) are located at 
remote places and it is just not possible to take flying 
clocks due to the obvious limitations of transportation, 
the TRANSIT technique is found to be quite handy. 

While analysing the data an arbitrary error was made in the 
antenna position by as much as 10 km and it was found that 
such error in the position does not affect much the accu- 
racy of time transfer. A table giving position error and 
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time error is given 'below. This technique also provides 
facility for experiments located at unsurveyed places. 


Position error 

10 km in Latitude 
10 km in Longitude 
10 km in Radial 
1 km in Radial 


RMS Time error 

+11 microsecond 
:+ 10 microsecond 
+ 7 microsecond 
+ 1 microsecond 


For a country like India which is not hooked up by TV net- 
work as is the case in Europe and U#3^ it is not possible 
to transfer time using either TV active or passive tech- 
nique, the TRANSIT system finds a lot of potentiality. 
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PIG. 2 - experimental SET UP 
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Duration 21st - 27th Jan. 1981 
— » 1 (T" Level 





Receiver Delay (Microsecond) 



PIG. h - SKHIAL STRENGOH V/S RECEIViR DELAY 
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